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IMPACT OF TRANSPORTATION ON THE

- ENVIRONMENT, A QUALITY OF LIFE_

.

INTRODUCTION

Y
.

' Engiheers, and particularly engineering educators, play a

.

most important role on the impact on the environment and, the

f \\\w quality of life. Althouqh this role is not new it has become

+

more evident throuqh the endgineer's revolution from the’ position of

“design by parts" to the “systems approach“ during the past >

b ]
three decades. ‘The latter process has exposed new areas such as',

Ny

community effects, citizen participation, attitudinal surveys, ete.

‘-

\
to tranSpprtation engineers that were never envisioned by the
. . -~

traditional civil enqinegf’a score of years‘ago. This situation '

is ubiquitous to all engineering disciplines and this generation

.

of - engineers will witness an expansion'of their responsxbility

L
N f

to'society However, the degree of con51deration of the effects

of engineering projects oh social 1nst1tutions will vary from v

‘e

©_ ,country to country in the world Whereas developing countries
. ( N

place a primary*concern on hard technology. United States 1s in
the pOSltlon of a553551ng the technological output on the impact
. N

'

of the env1ronmental, social and economic concerns of the affected

®

. t
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the following sectioh of this paper. . . .

o'

. The role of the engineering educator;ia one of vision.

C e . ) .
The basic -questione must be answered, "What constitudtes a curriculum L

.

K . .. .
that our students take to insure theif’ability to solve both - B

current and future eng?néering[prob}ﬂme that impact society?"  °-

‘e

BN : C . s . _
TRANSPORTATION tAc:forIEs/EWIRONMENTAL PROCESS : S

» ' ' ' s
In the Un1ted States practlcally all major transportation

.r_

faclllties 1n both “the urban and rural segments follow a four : ’ N

"\ - \ .
5 .

phase approach prlor to the1r constructlon. Bas1ca11y the in1t1a1 o o,
phase 1s long ranqe systems plannlng, which includes organlza: T
tional arrangpments, deflnltlon of goals and objectlves, data , o

- v A

e

collectlon, forecasts of transportatlon and 1and use parameters;

* : o
gevelopmenteof~regi0nal alternatlves;environmental,.soc1a1 S | - . />/
e o o o o i : ¥ :

. / _ : .
and ecOhonic (E.S.E.) evaluations; citizen participation; and,

SR N » | |
plan adoption.' The E.S.E. effects are discussed in detail in -
© o Lo

. . N ’ : | Lot
. ) S §
' : &
: . - » .
- .
-

After the pian-has been‘adopted'a corridorvlocation s%udy' Y 7

. “ . ' . ! .' ¢ - 1] ke P !
~is undertaken as the second phase, which 1nvolves: governmental
/ x : L.

coordlnatlon, env1ronmental 1mpact statement on alternatlves,

-
.

whldh also 1nc1udes the "Do Nothlng“, withln é%e corr1dor, gnd, i

s 4 - ' ~ -' ' : o r/
N - . - L.

’. /p%flzen part1c1pat10n. The result of.thls’phase is to %ather ’ T -

.“//
v

*

. ' ! :'.,'a‘b
proceed to the . succeedlng phase or to re1n1t1ate the~1n1tial phase.<

L ) -
. . s

<




. The third phase is ﬁ%é design location study, which results‘
in the refinement ‘of the, line through consideration of citizen S
‘ b o M 4 ) ' \\ LRI

\participation and basic .preliminary engineering concepts. ° '\

‘ 2 Many planners considergthis as the last time citizens can give !

. 7 : | ‘
. : P _ . S0 SR .
input to the process but in reality i€ is often the beginning of : LA
e _ . . ) . .

cltlzen 1nvolvement. Again, this phase results in’either contih ation _

or a restart of the entir rocess. . ’ oL T , .
" 7 ' " | o . ' s : .
: \ . ‘ P : o
' . ' - " ) . ' ~ . o ’ ." .’ ’ . o - . * N
.. . o \ e ) . \ . ] . L s

!

The fogabwrphase represents the traditlonal flnal design that S
MP" .

calls for thesgreparatlon of COHStIUCthh and right-of-way plans

\LOI . . ¥ .. )
- ending wath a constructlon contract. I B : : ¢

l

.. . S
. * - . © e
. . P
. - . . . v
. ’ B .

"Several noteworthy points prevail through the above approach

N

: that have evolved bver the past decade. First, _the'requirement‘ .

that englneers con51der the env1ronmental, social and economlc\ .

4

effects and second the requlrement that citlzens become an i
integral part "of the process. Although the latter is considered
a requirementdfrom~the”legal viewpoint, that is, the 1970 - /

v National Environmental.Policy;Act'and'various Federal.Aid Highway. »
» B : . b * - .

Acts, most transportationvengineers'agree that they wodld be »

- : } . . . . ) .

incorporated in most progressive states. .. = - . ' \ ¢!

» N e .

The transportatlon engineerlng educator recognlzes the change \\:; L

of empha51s, that is, the latter two phases were of. prlme ‘concern

t
in curricula prior_toilQGO and now equal,concern_ls given;;o,a}l D

»
- phases.
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E.S.E. EFFECTS

«
\ R . Y S

Before discussing the environmentaljy) social ‘and economic

- : A . -

, - ‘ , 4 A
that a question of scale arises. That is, what analyses ‘are"

\ -
. ~_ .’ :
made for the macro, meSO\and micro systems? As one'decreases

—

« , ' - N
effedts of a tfan3portation facility, -the engineer recQEiizes

the scale it becomes apparent that the acqpracy of the various
. N o ’
predictions tend to increase due to the-change from'generalitles
, ‘ SN -
to specifics. In addition two time frames are present, that:is, ..

the_estimated time|of completion and the design target year.
-nat ' ‘ v , - I €
A ' £ : . C

s - - ' v v . v

The E.S.E. effects do not create a homogeneons impact

on all projects. It should be remembered that these ef%ects

are considered in,light of the first‘step in the total proce§§:'

that lS, determlnation of goals and objectives. 1% is obvious-

2 "

- that different.gpals and their accompanylng objectives towa

implementation can and will create conflicting misS1ons, For -
el == -

. example, goals;that cite cqeé}ion of employment and improvement
. , . S

of economic base will develop & different set of facil&tiesc‘

-

than goals that cite low population densities and preservation

~ Lk
y

of open space. -
: . VUL -
. e .
© A simplified cIaSsificatioh of tpevE.S;E. effeéts might be one
of engineering scienCes and SOQl?l sciences. = The formér might"=
" be 1llustrated by the required noise ‘pollution- and air quality

i

studies. Both etudies requlre&'%&l)'an evaluatiqp of ambient




conditions, (2)'prediction of future"conditions, (3) a'comparisonmk

-~

"w1th standards, and (4) evaluation of smgnificant 1mpacts even

though within-standards. The studies must address the following

" ' questions: Co - ly S R
. o 1) What is the anticipated impact on air‘and n01se R ,
X " I .
. 7 4 v [ )
qnality if the proposed‘project’were built? If nog o
» .. ipuile? . o ‘
- K . . 1y ¢ ‘ﬂ - : X i . . - -- ( - h . . @“
: 2) What adverse effects on air and noise quality could
z
: noﬂﬁbe aw rded if the proposed project were built?
o If not built? . S RS j .
t \ ¢ Ve ' ) M . - T i °
. - - 3) How would. the relationship between local short-term
. uses of - the air resources and the maintenance and
' enhancement of ‘long term productivity be affected if
' , the projeot were built? If not built?
. A“ ) . ’ ) ' ’ -
7, /‘ﬂ o ) . J o i
. 4) What 1rrevér51ble and . irretrievable commltments of
\ " the air resourée would be 1nvolved if the pro:ect '
‘ . o were bBuilt? If not built?- . te L
S 5)-What air and noise.mitigation measures could be impiementedf%
: to minimize the impact if the project'were built? . . ;
: \ A
- ! I-" r
v » -
\ T 1
. L AN N
- . fi;‘ ?é
t /7 ‘ S :ﬁ‘ A,
~ - , - : \ . . :;k.:'::” .
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It is interesting to note the various,design’dilemmas R

,faclng the transportatlon engineer 1n both the conceptual and

’

preliminary'design of a transportation facility. For. example

. minimum emissions are’relatea to design features which provide
gpinterrugted Géhicular frow, but low speed is preferable frcn

the pedestrian°point of view; ana, depressed sections of highways

allow for the accumulation ofvaif'ﬁbllutantsmmbut;act as noise

attentuators and is denerally considfred mére aesthetically

acceptable. .

. ] : . '
/) ' ’ : - ®
" ) .' . \ ‘4 :
v ' " . *

- -The soft sciences for social and economic effects inciude

"analyses of people aispiacement, proximity.effects,,ccmmUnity

effects, access1b111ty effects, land use plannang and transportatlon

S

for "the dlsadvantaged. Agaln, the macro, -meso and micko scale

‘arises in terms of effects of a transportation facility have on

- - 4 . P

regions, communities and individuals. A recent report reached

¥ . : 2 ’ o

tentétive conclusions‘on the social and economic effects of highways.

a

~ ——

in the United States, ﬁhich are relevant. "For example, residents

displaced by'highway right-oéiyay are,being located satisfactorily.
« ‘ . .

mHoweve;,‘tesidents in—s;ose-proximity to highways may  have noise,

4 . - ’ o, o
air ppllution, or safety problems, and these disadvantaé!g»may
: E . , : ' / '_.\' 4
be reflected in lower property values. Accessibility effects.'
of hlghways, unllke proégnity effects, afe ordinarily'positive.

M ’//;ﬂmé’beneflts of hlghway access1b111ty often outwelgh the d%jadvantages

‘ g [4 . ( .
of hlghway prox:unlty, even for res1dent1al prerty Whether »

T .. . .« T . - . ’




henefits‘or disaaﬁﬁhtages occur near highmays depend primarily

on-the land use involved. Industrial or commercial uses along

~.

~

B The environmental, social and economic effects of transportation
ﬂ'éacilitfesimust be viewed from.ioth'a historical and geographical
. '§‘~vantage point; Before.1960'little:consideration was_giyen to .

the aféecte& members of a community in the United states during

.
- the planning process. The development of transportation plans
cons1sted pr1marily of a massive data collection and analys1s

which resulted in the "optlmal" program for the area, as perce1ved-

1“ { *

“a

- that after July L, 1965 all federally aided highway proJects 1n .

urban areas w th a population exceeding 50, OOO people must be” s

based on a "cooperative, comprehensive and continuing plann1ng

process .t3) “The Act reéhired that a public hearing be helé 1n§
prder to allow\concérned citizens the opportunlty to express their.
£ 2

neeés and desires, and ip recognized,that transportation plannlng .l;_
should, be a dynamic process-that reflects the changing‘attituces, r .
o ‘desires and needs of the affected community Most peopie agree-
| that the'earth d;§ celebrations of the late 1960" sqgave 1mpetus to

ES

the National Env1ronmental Folicy Act of l970, which legally

-

highways ordinarily benefitf"cz)
. : e iR Vv o .
o, 8 ' :
: ‘ _ S .
L E.S.E. PERSPECTIVE = . , T
.’._ o | : E L “.

by the planners. ‘The Federal—Aid-Highwav Act of 1962 stipulafed g




blnds the englneer to an 1ndepth analy51s of the 1nterface betﬁeen (///,/? b

oo ~

the.publlc works projects;and the_env1ronment‘1 The Federal . i ¢
B [}

.' - ) '='Highway Act of l§70 required all states to. submit to{the U.s. \\\ i f“’;ﬁ

Departmeﬁt of Transportatlon an Actlon p1§h¢ /hlch descriBé the | ' 0 ' g

”F o processes each state would employ in order that adequate con51derat10n . f.fl

- - is glven to pos51b1e soclal, economtc ‘and env1ronmenta1 effects " '
1 . .
» & .
.of‘proposed'highwayqpfbjects-in the-best overall public interest. s
. - a Ve . P . - . : g ]
: . ) ) . . ) : tol ’ I o s
: ’ The geographical vantage point often leads' to a diversity

4
!t - . .

» -

4 -, . . ' . - “
-of goals-and objectives among regions. ThlS,va turn, w111 lead - e
-9 ._:a RN Yo . . [ T

" to a sh1ft1ng of empha51s on the varlous E.S.E. effects. For = « AR

™
L] " R

example, an economiéally quressed regren formulates the goal .

s
-

of jOb creatlon and ranks 1t con51derably hlgher than 1mproved
(_ N !’ ) . )

LT o -

land use. The 1atter geoal may’be of prime concern ;n a progressive '»3 . -

[ - ’ . a

urban region. s . .

. .
° : . . X \

World. w1de, underdeveloped countries 9enerally rank the ' v .

.
.

econom1c effects of transportatlon fac111t1es much hlgher ‘than

. R t I
. ) the environmental and social effects. Their economicvconSLderations.3 .
are more egpansive} for example, it incldaes the physiCal'Bhape . . '
N . N K} RN .. VRN
. " the %ountry w111 ach1eve,'the mllltarlstlc*and defénsxve strategies PO Sl
e (5 s : B RN

. ~n.:‘ -
[ - [RS8 5\

S -ang~pollt1cal control. In addltlon, they recognlze the 1mmedrate SRR
N J’, o tecononlc Impact caused by the expendltures a;d employment during ; P _ 7. Al
‘ , the °°n5£;u°?i°n of the facility and the'long range 1mpi;catlons B - T
"‘;h . - ontfnaustrializat&on :nd the(creation ofAserVice ;néustries that.: _ L :fih

R ' . : . -




N

» "

" follows the pasic production-industries; ‘The underdeveloped

i

" countries are cognizarnt of the role of transportation, which’

~-

<

R

»

world.

might"be relatEd in a'u. S"ConQressional~Comﬁittee report

“r a +

& -

-

é%at c1tes transportatlon as the moét important 1ndustry in>the
(4)

-

L,

A It1becomes,apparent @hen;gVefvieWing the social effects
A T " A , ] \

of transportation facilitﬁeslthat there are many subjective”

areas that are integrated with engineering decisions, for

N s U - . " i e
. . example, route location. How does an engineer receive input

w , . R !

from‘theuaffeCtedkcommhnity? Federal legislation listevcertaiﬁ K
reouirements for.ohglic involGéhent,~bnt other.faétors exist
-, . R .
, that make c1t1zen jor: 1c1patlon a necessary element in’ the trans-
portatlon process. As»evidenced in Boston, San Franclsco:
i

Phlladelphla and Washnngton, D. C.-hostlllty toward the constructlon

,

- . - .

i
of freeways has caused'years of delay.. From the‘v1ewpolnt of .

ST To.

plan lmplementatlon the transportatlon englneef’must take a

< "’r . .

./ -", o’

. p051tlon that ranges from tolerance to p051t1ve citlzen 1nvolvement

~
o )
in plan preparatlon;

s
.

The 1nvolvement of c1t1zens is an emerglng process and at R

B

tﬁls t1me the questlon of- eff1cac1ty on current technlques and

. [y
Y

'_processes-is”being evaluated as well as d veloplng new approaches.




 ENGINEERING EDUCATOR'S ROLE -
. i » . . R

B . . A N .
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C e
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¥

' : . RN : . e X _
The anglneerlng educator recognlzes.the dynamlc processk

4

s : that constantly occurs:. 1n the eng1neer1ng professlon, such ‘as -

¢ -

¢ ) - . prev1ously descrlbed and recognazes a tr1umv1rate of responsibllitles.

% "t The.first calls for -the personal requlrgment of keeping abreast .
in the field and the procedures are, easiiy recogn1zable,~however,
: ‘o v . L
o -, the latter two d1rects attentlon to the student. How does the « ,
- [ . - 'y #- '\_“\ « .

" educator tra1n students for~mean1ngful ¢ontrgbutlon to the" -

-t . ;
co near‘term englneerlng profegs onal pract;ce and how does the _ :
- . Y . ] ¢ ) . .
St " 'eduoator educate students for_their,life leng role inﬂthe,profession?
. Ve L I . . . . -~ . Y ‘ ‘.A' . . / \»» ‘
B w,.‘h“' . N ‘ ’ ) . P .. : o L
- la.' o v . . L Co. ”Fj ’ - ' Y o v _\
\ . - As one reviews these’ questions in reference to thngFPaCt '
. RN - . ), o . - LI
'I'A. ! . ) . . * - ..‘ . 7 . “ " A . e ' -
of transportation»On the environmentfand‘éﬁality of life it } é 2,
. . . P - . - 1) . . . ¢ . :‘
# ™~ - ”becomes apparent that the educator must bring into the classroom é& / 8
9 : -
. present day problems 'such as perplex env1ronmental, social )
and economlc assessment’system scenarlos. However, serious o o S
| 4 - 3 S
. stuient 1nvolveme§t requires a background in the ba51cs .of mathemmtlcs, .
‘ sclence and humanltles.v Engzneerlng educators have done th 3
R s Lo L {p‘ B .. v
N : since time 1mmemor1al and the educatoﬁ must perce1ve the, emphasls . o
e , .
. . .within,the.basics. . For, example, is‘&he trade off of‘statlstlcs |
O : . C poo e . ' oL,
. ' and operations research for %certain traditional engineering mathematics
. _ . . e .. v a " 4
‘ and the' accentuation of'commuhicativelskills within”certain humanities , .
l . ' '
.of merlt? The quest{bn of emphasls must be addressed by . éhé
. * M E
educator for 1mplementatlon w1th1n the norm of the academlc . .
Tt oo . A - ’ Ty, ’ . .. v .
> , institution's goals,and~objectives. -7 P U T,

1] N -
R .
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